Introduction: Nosocomial infections are one of the greatest challenges faced by medical fraternity. The simplest and most effective form of control is by adoption of hand hygiene measures. Methodology: The current study examined knowledge, attitude and compliance of medical students towards hand hygiene guidelines using a validated questionnaire from World Health Organization's 'My 5 moments for Hand Hygiene' on 269 medical students from clinical years of study. Scores were computed for all correct answers and analyzed using SPSS ver 21.0. Results: The highest attainable computed score was 12. Only 47% of the students achieved the highest score for questions on both knowledge and attitude while no more than 35 % attained full score for practice indicating inadequacy in comprehensiveness. The study showed significant gender differences in all the mean scores where females scored higher than males for knowledge, attitude and practices for hand hygiene practices(p<0.015). A weak correlation was found between increasing knowledge scores and practice (r = 0.466) while a moderate positive correlation was shown for attitude (r = 0.756). Participating in previous formal training programs did not show any significant effect on the overall scores. Conclusions: The findings necessitate call for revision of curriculum guidelines and formulation of sustained and innovative reinforcement methods for effective implementation of the highly recommended preventive strategy.
INTRODUCTION
World Health Organization (WHO) refers to nosocomial infections as Healthcare Associated Infections (HCAI). They are defined as 'infections occurring in a patient during the process of hospitalization (1) . These HCAI result in high morbidity, at times mortality, increased financial costs due to prolonged hospitalization and amplify the risk of antimicrobial drug resistance making it yet another public health issue in developed as well as the developing world (2) . Millions of patients have been affected by HCAI and the WHO affirms it is many times higher in low and middle income countries (3) . It was reported in a recent worldwide study that the prevalence of HCAI was 15. patients and HCAI infection density in adult intensive care units was 47.9 per thousand patient days (4) . However the prevalence varies depending on healthcare setting and economic status of the nations, which may be as low as 9% in industrialized nations like United States, 23% in Europe to as high as 35% in developing countries (5, 6, 7) . Hand hygiene (HH) practices effectively lower the HCAI rates and crosstransmission of antimicrobial resistant pathogens (8, 9) . WHO recommended the adoption of low cost and most effective measure to control HCAI based on the concept of "My 5 moments for hand hygiene" to the healthcare personnel (10) . Many studies have assessed the compliance of physicians, nurses, medical and nursing students to hand hygiene measures with results varying according to gender and profession suggesting female gender and nurses to be more compliant than physicians (11, 12, 13) . The medical students form an integral part of the healthcare team in delivering services as well as serve as an impending source to transmit infections while thronging the wards. Research has shown that their hand hygiene behavior during clinical postings has differed according to gender and clinical years (14, 15) . The knowledge and attitude of the medical students reflect on the practices of the future physicians who serve as role models for the healthcare community (16) . Data on hand hygiene behavior of medical students is limited from the region of Saudi Arabia, hence, this study was conducted with an objective to determine their knowledge, attitude and compliance of WHO's hand hygiene measures.
METHODS
A cross sectional study was conducted in a large university hospital in central region of Saudi Arabia. A sample size of 269 was calculated assuming 50% adherence to hand hygiene guidelines. Permission was obtained from the University's Institutional Review Board (IRB). Consent to participate in the study was obtained prior to filling of the questionnaire. No conflict of interest was noted and no rewards were given to respondents. The study subjects were recruited by stratified random sampling technique according to academic level in clinical years -3rd, 4th and 5th year and gender. The questionnaire was based on WHO's criteria of 'My 5 moments for hand hygiene', available online in the WHO website (17) . An additional question on hand hygiene practice 'before touching the urine drainage materials' was introduced in order to determine the students' ability in identifying it as wrong question. This was the only alteration made in the questionnaire. The questionnaire which was self-administered by the students included three sections:
I. Personal information-name (optional), age, gender and clinical year of study, II. The WHO's 5 moments of hand hygiene questions for knowledge, attitude and practice and III. Two questions on participation and method of previous formal training.
Every correct response was considered and scores were computed for all correct responses. The study subjects were than categorized into groups based on 25th, 50th, 75th and 100th percentiles as average (score 6-9), fair (score 10), good (score 11) and excellent (score 12) separately for knowledge, attitude and practice. Descriptive and inferential statistics were analyzed using SPSS version 21.0. Percentages were used to report the number of students with different scores and chi square test was used for significance testing between groups. Differences in mean scores across the groups were analyzed by t -test. The strength of association between the scores for knowledge, attitude and practice was plotted across the graph by Spearman's rho correlation analysis using r as constant. Multiple comparison within and between groups was done by ANOVA. A p value less than 0.05 was considered significant.
RESULTS
The study included total sample of 269 subjects with 141 (52.4%) males and 128 (47.6%) female students as study subjects. Mean age of the study sample was 22.0±1.1 years. The scores are reported as calculated means for maximum score 12. Regarding the level of knowledge of hand hygiene guidelines, about less than half students (47.6%) (M:F; 42.6%:53.1%) had attained full score of 12. There was significant improvement in knowledge levels with increasing years of study from third to fifth year where 38%, 50% and 60.9% of students achieved the highest score (p = 0.012). Further analysis revealed weak strength of association between increasing knowledge score and practice pattern of hand washing behavior ( r = 0.466, p < 0.0001) and a positive moderate correlation was found between knowledge score and attitude score of students, (r = 0.756, p < 0.0001) where r is spearman's rho correlation coefficient as shown in figures 1 and 2. 
DISCUSSION
Saudi Arabia deserves greater attention in matters related to infection transmission and control due to the status of being a pilgrim centre. The prevalence of HCAI in Saudi Arabia vary from 13% to 48 % in teaching hospitals (18, 19) . Despite the relative simplicity in technique of hand washing, regional studies have demonstrated poor awareness and inadequate compliance (20, 21) . One such study was done among the fourth year MBBS students from Qassim region reported unacceptable levels of awareness as only 29% of medical students could identify all five correct options of the WHO questionnaire and compliance as low as 17%. (22). However, the present study found an overall 47% of the students successfully identified all five correct options in comparison to the former study. Less than half of the students obtained the excellent score of 12 for all the five questions of 5 moments of hand hygiene and yet a greater part of them correctly identified the deliberately inserted wrong question proving that the students were indeed proficient with the WHO's hand hygiene recommendations. These findings may reflect on the type of healthcare setting, as the study was performed in one of the most reputed and advanced tertiary care center of a university hospital where the medical students are trained with formal training programs and workshops prior to clinical postings. Additionally, a high emphasis is laid on display of WHO's HH posters at numerous points as reminders and widespread availability of hand scrubs, washes and sanitizers in the wards. These points maybe the probable explanation for the higher knowledge scores obtained in the present study.
Moreover the same Qassim study re-assessed the knowledge and compliance measures of the students after two years, following the implementation of various programs targeting improved measures and observed that awareness had increased to 78% and compliance to 47% reflecting on the positive impact and importance of sustained efforts. Our results are consistent with their post intervention observations. Nevertheless these findings reflect on the impact of incessant campaigns and various measures taken to implement the hygiene recommendations. Moreover studies have proven the efficacy of innovative structured programs in improving the knowledge and compliance among the medical staff (22, 23) . The findings of the present study have shown significant gender differences. Male students demonstrated lower levels of both knowledge and compliance towards hygiene measures. Literature review seems to have shown mixed results where most of the studies have reported females as being more compliant while few showed neutral results while some even favored males to be better than females (11, 22, 23, 24, 25) . This diversity in findings may probably be due to regional disparities and variations in study sample from different years of graduation study. Studies from developed nations like US has also reported gender to be a significant factor that impacts hand hygiene compliance among medical students proving that females had higher compliance (26) . We present another interesting finding from the current study that though the knowledge levels significantly increased according to the years of graduation, the practice on the other hand did not show a corresponding rise. These findings are supported by other studies where knowledge was relatively adequate but practice scores were unacceptable. Askarian et al from Iran published similar reports and declared mean knowledge scores to be 66% while compliance scores were as low as 19% (27) . The above studies found increasing years of study as predictor for lower practice measures in addition to increasing job responsibilities, group behavior, and higher workload as associated factors for poor adherence. Non adherence to guidelines by senior students is a worrisome and an important issue of discussion. We would recommend in depth qualitative studies to identify the attitude and behavior of the students who present suboptimal practice measures despite having better awareness. . Identification of reasons for non compliance is a major step towards success of advocacy measures Cohort studies may aid in supplementing information to determine the associated risk factors for deteriorating practices enabling a thorough understanding of the students' attitude towards proposed guidelines. The findings from this research necessitate exploring the behavioral determinants of compliance among females and identification of barriers for non compliance among males which may aid in improving the standardization and implementation of various hand hygiene training methods. Other suggestions that may be proposed pertaining to the study findings are restructuring of campaigns by innovative and motivational methods to reinforce a positive impact on practice pattern. In addition to the formal training programs the study suggests the need for alternative approaches to reinforce positive behavior. Nonetheless, the students showed positive attitude towards implementation of hand hygiene measures which gives a valid and stronger point in improving the adequacy measures. This finding was supported by a similar study from UK which reported that the medical students felt enough emphasis was not being made on infection control measures resulting in poor knowledge and inadequate practice methods and demanded regular programs (28) . The limitations of the present study are that the results cannot be generalized as the study subjects were taken from a single tertiary center which is not representative of the population. Moreover the assessment was self reported and thereby subjected to introduction of bias. The role of sanitizers impeding the implementation of hand washing was not assessed which may have been the cause to under report HH behavior. However, this was beyond the scope of the study and serves a good recommendation for future research. Nevertheless the results of the study still serve as a means of evidence to highlight the current status.
CONCLUSION
To summarize, the hand hygiene behavior of medical students of clinical years of study at a tertiary care hospital has not been reported previously from the Saudi Arabian region. It can be said that the medical students displayed good level of knowledge on hand hygiene measures but showed poor translation of knowledge into practice suggesting revision and promotion of targeted reinforcement programs.
